The early detection and treatment of hypoxia is important to reduce patient morbidity in the accident and emergency department. At present, the commonly used methods all have practical difficulties in the urgent situations that prevail in the department. Pulse oximetry has recently become a method of choice in many anaesthetic and intensive care units for the continuous monitoring of oxygenation and the early detection of hypoxia.
INTRODUCTION
Cellular hypoxia precedes cell death in a large number of insults to the body.
In the accident and emergency department, changes in the patient's oxygenation must be rapidly assessed and corrected to prevent unnecessary morbidity and mortality.
C. J. Holburn and M. J. Allen
The clinical detection of hypoxia uses the presence or absence of cyanosis as a guide but this is unreliable (Comroe et al., 1947) especially in the artificial lighting of many departments (Taylor et al., 1986) .
The measurement of arterial P02 using blood gas analysis is reproducible but in an unstable patient requires multiple invasive procedures giving intermittent values (Lam, 1987) .
Transcutaneous oxygen monitoring does provide continuous information but the sensor requires a stabilization period of about 30 min before reading can be commenced. As the sensor also requires the skin to be heated to 41°C to arterialize the capilliary bed, burns of the sensor area have been reported (Yelderman et al., 1983) .
Measurement of oxygen saturation by detecting the difference in absorption of light by haemoglobin and oxy-haemoglobin had been developed for in vitro analysis of blood and a modification of this equipment using 8 wavelengths of light became the Hewlett Packard ear oximeter. While this equipment could give accurate and continuous information it was bulky, expensive and unsuitable for routine clinical use (Knill et al., 1982) .
With the advent of light emitting diodes (LEDs) the bulk of the detection system was reduced, but this unheated and simpler equipment measured the total absorbance from tissues, veins and capillaries in addition to the absorbance due to arterial oxygen saturation.
The pulse oximeter analyses not only the absorbance of light but by using microprocessors the changes of the signal produced by arterial pulsations. By excluding the absorbance of the constant part of the signal the arterial saturation is recorded and has been shown to reflect simultaneous invasive measurements accurately (Yelderman et al., 1983; Mackenzie, 1985) .
The modern pulse oximeter is a compact and easily mobile piece of equipment (Figure 1) (Zorab, 1988) but did not specifically mention the accident and emergency department. No reports of its use have been found in the British accident and emergency literature, and we therefore undertook a study to assess the potential of the pulse oximeter in the accident and emergency department.
METHOD
Patients presenting to the accident and emergency department with the complaint of 'chest pain' who required monitoring were included in the study.
The BTI Biox 4 Oximeter was used in the study. This displays the oxygen saturation and the patient's pulse rate (Figure 1 ).
Directly on admission to the accident and emergency department each patient had the finger probe placed on the index finger (Figure 2 ) while breathing room air. The machine was allowed to settle to a constant oxygen saturation figure and this was recorded if the pulse rate reading was within 5 bpm of the radial pulse rate. Immediately following this reading the patient was then given controlled oxygen therapy, 4 1/min by Hudson Mask, an approximate FiO2 of 35%, this being the recommended treatment for chest pain of cardiac origin (Yates & Redmond, 1986 The initial pulse oximetry reading varied between 88-100% saturation (normal > 94%) (Oh, 1985) and this was recorded within 1 min of the patient entering the department.
After 5 min of oxygen therapy the second reading was obtained and as expected showed a higher value (Figure 3) with all values being within the normal range. All those with abnormal initial values were admitted to hospital most (12/13) with chest pain of cardiac origin.
None of the patients with abnormal initial saturations could be identified by clinical means and indeed some were felt by the nursing staff not to require oxygen therapy.
Prere ratment oxygen saturation (%) Fig. 3 The pre-and post-oxygen therapy saturation. The lines show the lower limit of normal.
Pulse oximetry in the A&E department 141 DISCUSSION Unrecognized and uncorrected hypoxaemia can increase the morbidity associated with a large number of the conditions that present to the accident and emergency department. Many of the therapeutic interventions that are used in the acutely ill aim to improve the level of tissue oxygenation and it is important that the results of these interventions can be quickly assessed.
The clinical detection of hypoxia is difficult (Comroe et al., 1947) and is affected by a wide variety of environmental conditions (Taylor et al., 1986) . The rapidity with which a patient's oxygenation can change has been recorded in the anaesthetic literature and the pulse oximeter has been instrumental in alerting anaesthetists to the hypoxaemia even minor insults can cause (Mihn et al., 1985; Tyler et al., 1985) .
The same rapidly changing conditions exist in the accident and emergency department and a method of evaluating a patient's oxygenation which is reliable and responds quickly to changing conditions is needed.
We have attempted to use the pulse oximeter for this purpose and have found it to be easy to use and in the group of patients studied gave valuable information both before and during oxygen therapy.
It alerted us to the fact that clinical judgement of oxygenation is difficult and that within a group of patients presenting with 'chest pain' some may have deficient oxygen delivery.
Although the total numbers in this sample are small, all of the patients with saturation values below 94% were admitted to hospital while some with higher values were discharged.
We cannot determine whether the low saturation obtained on admission was as a result of pre-existing disease or due to the presenting condition but in patients with myocardial ischaemia any reduction in saturation from normal imposes a greater load on the heart which can further damage the myocardium.
As the patients did not have blood gas analysis during this study we cannot be sure that the initial value represents just oxyhaemoglobin as other abnormal haemoglobin types can give a false value with this particular equipment but we can be sure that the increased value does represent an increase in the saturation. As the basic method of evaluation of oxygen saturation by this method relies on the presence of a pulse wave at the recording point the technique as described in this paper is not suitable for use in the hypotensive patient. This may preclude its use in trauma although we have no experience of its use in this field. As the technology of the instruments improves, the detection of oxygen saturation at lower blood pressures may become easier.
The recent increase in litigation has prompted editorial comment (Mathias et al., 1987) on the need for early detection of iatrogenic complications of treatment. The author recommends the pulse oximeter as a useful tool for the anaesthetist. In accident and emergency departments the same vigilance is necessary and the pulse oximeter provides the information quickly and in an easily readable form. As the cost of investigations increases the use of reusable non-invasive techniques to reduce the number and frequency of blood gas analysis without replacing them completely will become an important consideration in clinical practice (Dautzenberg, 
